Acclimatization is a non-genetic process by which an individual can increase its stress mistranslation far exceeding those of DNA point mutations (Yanagida et al. 2015) . Of these, only Adaptor and primer sequences are provided in the supplementary material (Table S3) (approx. 100 bp) was excised from a 10% TBE polyacrylamide gel, and the DNA was diffused 2 1 3 from the gel in 50 µL of nuclease-free water for 12 h at 4°C. Barcodes were added in a second 2 1 4 PCR amplification (total volume =20 µL), which contained 7 µL of gel-extracted PCR product, Phusion high-fidelity DNA polymerase (NEB). Seven PCR cycles with the same profile outlined 2 1 7 above were performed. PCR products were purified using QIAquick minElute PCR purification HiSeq 2500 sequencer using 50 nt single read sequencing. Raws reads were converted from Illumin 1.8+ to FastQSanger quality scores using FastQ an Acropora palmata genome assembly (version 1.0, (Kitchen et al. 2018) ) using a custom Perl script (provided by Shi Wang) and reads were mapped against these reference sites using used to tabulate mapping stats into counts of mapped reads per reference sites for each sample. vignette, data is converted to reads per million and filtered for only those methylation sites that data was subjected to non-parametric batch normalization with the ComBat package for R and tagwise dispersions were estimated and negative binomial generalized linear models were 2 3 6 fitted using both the likelihood ratio test and the more stringent quasi-likelihood (QL) F-test
within EdgeR vignette. E-values were FDR corrected. Differentially methylated sites were tested for GO term functional enrichment with the 2 4 6 R/Bioconductor package topGO (Rahnenfuhrer 2018) using the default "weight01" Alexa 2 4 7 algorithm with the recommended cutoff of P < 0.05. bleached vs non-bleached areas on a colony was very similar to that observed in 2014 (Fig 2) .
Overall, visual surveys in 2015 showed that colonies responded similarly in 2014 and 2015. severely bleached than in 2014, and 54 % (n=37) of colonies (including samples that died) had 2 6 0 greater bleaching classifications, indicating that many colonies were more severely impacted by 2 6 1 the back-to-back bleaching of 2014-2015 (Table 3) . Survey results thus provided little evidence 2 6 2 of short-term acclimatization. Coral samples were genotyped at 13 microsatellite loci specific for Symbiodinium 'fitti' response. Each of the six samples taken per genet were dominated by one S. 'fitti' strain with 2 6 7 three exceptions (Table 1) . Ramet 2 Branch A of Genet P1034 (Grecian Rocks) was dominated 2 6 8 by S. 'fitti' strain F447 rather than strain F109 like the other five samples from this genet. Ramet 2 Branches B and G of genet P2656 (Grecian Rocks) contained S. 'fitti' strain F477 rather than 2 7 0 1 4 strain F476 like the other 4 samples from this genet. These three within-genet S. 'fitti' strain 2 7 1 differences were not correlated with the peak bleaching event condition. Microbiomes differed significantly among genets at the taxonomic rank of order (Fig 3a) and 2 7 5 genus (PERMANOVA analysis, Table 2 ). When blocking for the genetic background (ie Genet between reefs at the taxonomic rank of order and genus (PERMANOVA analysis, Table 2 ).
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However, interestingly the microbiome did vary between sampling location within a colony, i.e. whether from branch or base locations (see below). partition, not including residuals, was to genetic background followed by within-colony sampling 2 8 4 location, (branch vs not branch), and then bleaching condition, at both the taxonomic rank of 2 8 5 order and genus (Fig 3b) . The top three bacterial genera that had the highest variation attributable to different phenotypic characteristics was determined, and the largest partition, not including
residuals, was to host genetic background followed by within-colony polyp sampling location, ie
whether a branch location or not (Fig 4b) , and lastly whether the polyps were previously bleached
or not bleached. To determine the biological function of genes in which methylation was more
abundant, a GO-enrichment analysis was completed comparing all methylsites (n=6,848 had GO
term annotations out of 28,797 sites) to all annotated genes in the A. palmata genome (n=25,102
had GO term annotation). Significant biological functions included RNA binding, zinc ion
binding, transition metal binding, sequence-specific DNA binding, and oxidoreductase activity 3 1 0 (Table S4) .
Genets showed large and consistent differences in methylation patterns and clustering
analyses clearly grouped samples belonging to the same coral genet together, but also showed
some variation of methylation within genets (Fig 4a) . On average 9.5% (n=2741, QL F-test) of
We then examined whether there are conserved methylation differences shared among all
genets that were attributable to whether an area of a colony previously bleached or did not bleach.
In this comparison, we included 18 bleached and 18 non-bleached samples and blocked for genet.
One methylation site (Segkk362_pilon-108100) was significantly different (p<0.01, FDR 3 4 1 corrected) when using a likelihood ratio test, but not when using the more stringent quasi- Stylophora pistillata.
Next, we looked at whether samples collected from branches versus those collected from the was one methylation site (Segkk1116_pilon-156192) that was differently methylated (p<0.001, sites when using the likelihood ratio test (Table S9 ). Segkk1116_pilon-156192 is within the gene
Galactosylceramide sulfotransferase. Of the 84 differentially methylated sites found in the these differentially methylated sites, using TopGO in R, revealed a significant enrichment for the
biological processes (Supplemental Table 10 ) of AMP biosynthetic and metabolic processes,
regulation of fibroblast apoptotic processes, excretion, protein-chromophore linkage, the 3 5 7
regulation of viral genome replication, viral life cycle, and viral processes, the regulation of alternative nMRNA splicing via spliceosome, immune effector processes, the negative regulation of apoptotic processes and programmed cell death (for enrichment in Molecular Function see genets show large and consistent differences in the way they methylate their DNA even when
growing on the same reef, suggesting that methylation patterns are inherited (Liew et al. 2018b) .
Further, there was significant within colony variation in methylation state that was correlated
with the location of the polyps within colonies and the bleaching response of the colonies. Remarkably, there was some correspondence between genes previously shown to be 3 7 2 differentially expressed, and those that were differentially methylated indicating that methylation
difference may translate into gene expression differences. These results are novel because they
reveal a pathway by which these long-lived corals can modify their phenotypes in response to
the environment. Because these corals can produce large monoclonal stands, these
modifications produce mosaics of phenotypes despite low genotypic diversity.
Environmental conditions frequently change over the live span of reef-building coral genets.
Phenotypic plasticity is a common trait in corals; however, the mechanisms by which corals 3 7 9
achieve this plasticity are not well understood. This can be partly attributed to the difficulty of Corals live in an intimate symbiosis with algae in the family Symbiodiniaceae. While some
coral species can host several species of algae, the elkhorn coral, A. palmata usually hosts S. 'fitti' and furthermore ramets of the same coral genet often retain the same symbiont strain but within each genet, there was remarkable homogeneity. These findings allow us to discount response. However, variable densities of symbiotic dinoflagellates within the host tissues may
have influenced bleaching susceptibility (Kemp et al. 2014; Stimson et al. 2002) . We do not have
pre-bleaching measurements of symbiont density in tissues, but this may have contributed to
variable bleaching within a colony. Differences in the microbiome that predated or immediately followed the bleaching event were
obscured, because we were only able to sample tissues once they had recovered from bleaching. Previous studies looking at stress events in corals found a shift of the coral holobiont to a more may have had on the microbiome, those effects were difficult to detect six weeks post-stress 4 2 0 using a standard 16S microbiome analysis approach. living on the same reef (Fig 2) . This suggests that methylation patterns were inherited, otherwise 4 2 4 a shared environment post-fertilization should lead to shared methylation patterns among genets.
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Evidence for inherited germline methylation patterns in corals is accumulating. Widespread consistent densities (Dunn et al. 2002; Falkowski 1993; Muscatine et al. 1998) as one option to 4 5 6 reduce oxidative stress in areas or times of higher light exposure (Fitt et al. 2000) .
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Abnormally warm temperatures accompanied with high irradiance can cause a breakdown
in the coral-symbiotic algae symbiosis resulting in the expulsion of the algae, a process referred
to as bleaching. We observed a higher incidence of bleaching in samples from branch regions Galactosylceramide sulfotransferase is involved in sphingolipid metabolism and was also is needed for photosynthesis on a bright summer day (Gorbunov et al. 2001) . This excess light decayed via the chlorophyll triplet state that produces reactive oxygen species as a byproduct.
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Here, we identified differentially methylated sites by polyp location that were overrepresented in in complete darkness for 9 days compared to controls, two annotated genes were identified, The coral skeleton serves as an efficient light capturing devise and colony and polyp warranted.
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We unexpectedly found that the gene ontology terms for the regulation of viral genome and non-branch locations. We are not aware of any data indicating that viral load differs within
colonies. Because this GO term was enriched across genets and reefs, we would expect viral
loads to differ systematically between branch and non-branch locations and this hypothesis A. palmata (R 2 = 0.20, p = 0.51) (Kemp et al. 2015) . In contrast, considerable within colony Methylation patterns vary with bleaching history
Methylation variation within genets was also attributable, to some extent, to whether tissues
had recently bleached. Bleaching itself was likely the result of the interaction of the acute heat Knowles et al. 2017) and in plants (Ito et al. 2011; Pecinka et al. 2010) . Overall, less of the expression and methylation over a range of stress exposures and stress severity. High fragmentation rates and acute stress events necessitate that A. palmata polyps acclimate
to changes in environmental conditions. Our data suggest that acclimatization is partially 5 3 9
achieved via differential methylation. We suggest here that differential genome methylation may subtly, but much less than transcription. They also found strong associations between GBM and questioning what mechanism connects GBM to phenotype and fitness (Dixon et al. 2017 ). Yet,
methylation is known to affect transcription factor binding both negatively and positively, and
thus alter transcriptional regulation bi-directionally, making correlation to gene expression A significant amount of the intra-genet variation in phenotypic stress response observed here Figure 3 Acropora palmata genets are characterized by between and within genet variation in their microbiomes. A) Principal coordinate analysis of the normalized 16s tag sequence data generated using the package vegan and ggbiplot in R at the taxonomic rank of order. B) Violin plot showing the contribution of Genet, Location sampled (Branch, or not Branch), the Condition of sample (Bleached or not bleached) and the residuals to variation in the 16S tag normalized microbiome data at the taxonomic rank of order. Genet contributed most of the explained variation, followed by location and condition. Generated using the variancePartition package in R. Figure 4 Acropora palmata genets are characterized by between and within genet variation in genome methylation. A) Principal coordinate analysis of the normalized coral methylome data generated using the package vegan and ggbiplot in R. B) Violin plot showing the contribution of Genet, Location sampled (Branch, or not Branch), the Condition of sample (bleached or not bleached) and the residuals to variation in the normalized coral methylome data. Genet contributed most of the explained variation, followed by location and condition. Generated using the variancePartition package in R. Table 2 PERMANOVA results based on Bray-Curtis dissimilarities using abundance data for Location, and Bleaching condition comparisons data was blocked using Genet designation. Df- 
